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INTRODUCTION

The problems of oysfer cuiture in the waters of the South Atlantic and Gulf -
coasts are decidedly different from those in the waters of the North Atlantic coast
althoungh the oysters are of the samie species (Osfrea virginica).” On tha Gulf coast
the bays and estuarics aro very sh ml}mv and so the waters are readily stlected by heavy

raing and freshets az well as mf fhmnz:c% in air temperature. Tha natural oyster
beds, or recfs, are eenerally confined to & relatively narrow place between hich and
low tide levels and slightly deeper, and seldom occur more than 2 or 2 {eet below low-
waler level. In mere northern walers natural oyvster grounds mav be under 30 or
more feet of water. |

Few actual (})“St{‘.r—-ﬁllltllrﬂl operations are carried on in Texas waters and the .
mdustry is limited chiefiy to the removal and marketing of cysiers from the public |
reefs.  In the past this method hm sufﬁccd to sup;m the demﬂnd to a large extent,
and the necessity for intensive oyster culture on private gronuds has nos bem Press=
ing.  la recent years, however, thc ayater production of Tevas, like that of wmany
other Siates, has diminished, and inecreasing thousht has been given io the possi-
‘Eilities of oysber culiure by private individuals or companies. The Texas Game,
Fish, and Oyster Commission is strougly in favor of production of oysters by privato
iterests and has been attempting to pass legislation to perlmt the leasing of portions
of productive public reefs as a stunulus to pnvate cuterprise.  (Burr, 1U28.)

T waz the purpose of this mvestication to leark some of the more mportant
facts concerning the reproduetion of the ovster in Tevas waters and on the busis of
this information to muke suggestions as o how best to develep grmmd for tho pro-
duction of vysters, QOf greatest importance was the problem of finding means of
obtiatnine seed Oysters in abundsa nee, and it was with this in.view that these obser-
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53 ~ BULLETIN OF THE BUREAU OF FISHERIES

It waz not possible to make daily pbservations over the entire coast of Texas,
alid so the work was confined to certair portions of Galveston Bay, which is very
suntlar € the other oyster-producing watcrs alone the coast.  Tho resulls are there-
fore considered to be typical aud muy apply to most of the bays along the Gulf coast,
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Ficukg 3.—Chart showing the major portion of Gelveston DBay in which oystersare produced, Plankten coliedtion staticn NO,
7 oud shell--aating staticn No. IV are fndicated at Hoenna Reef, in Fast 1 ¥. See Figures 4 and 5 for Wt Bay and Offatts
Bayoa stations. (From U. 8. Coazt and Geodetle Survey Chart No. 1.52) .

A field leboratory 2 was built on the shore of Dﬁatts_Bayﬂu (lig. 1), a portion of
West Pay, and equipped with runnine sea water. This served as headquarters in
which mest of the obscrvutions weres made. - | |

METHODS - .

The most complete records were made in Offutts Bayou, for it is a small body of
water and relatively calin aven when the bay proper is rough. A pier extended cut
from the laboratory ahout 200 foet to the edge of the channel and on this the therme-
craph was placed. (Wi, 2. The buib was fixed slightly above bottom under about
21 feet of water at Low (e 20 ns o give 4 fairiv accurate record of water tewm peratuie
viithout being exposed even at extremo low wiater. Continuous thermoyprraph recerds
s The burcau is Indebted to Willlam J. Tucker, gamo, fish, andu ma;{'r mnmlssinnar nf’I‘er;,;ar-!umh}Inh ;hul;;un:tc'*}._uzi .
edulpruest and 4 boat cad boatman; alvo to W, A, Kelso for persul tting the Incatian of tha Inhorstory on his eropertys and s Duliph
Regers for giving ysters a5 wol o Bis Love to wesest fa ths invesiigution,
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SPAWNING AND SETTING OF GVSTERS | 50

of water temperature were ohtained over the period of six months from the end of
February to the end of Aucust, 1929, - |

Over the same peried san 1{119‘2 of w ater were {aken at nesm daily {rom the end

of tho pier and ircsted for salinity and hydrogen-icn coucentration.  Sabinity was

determined by means of speciiie gravity hydrometers, and vdrezen-inn renrentratinn
was tested colornmetricaily by means of Ladlotte comparators using phenol red,
cresol red; and thymol blue as indicators. These resuits were not corrected for the
smull crror due to salt variation. | .

Saniples of Imllﬂdﬂn were taken as frequently a3 possible at 8 stations (fiz. 5,
‘stations 1, 2, und &) in Offztts Bayou, 3 {le. 4, stations 4, 5, end 6) in West Bay, fmd
1 (fig. 3, stution 7) in Ilast Bay. A plunl.tan net of xe. 20 holting silk was towed at
slow speed for five minutes at each station and the sample preserved in: formalin for

.f

Fioun? 4, ~Chnrt ihDWl‘]f a pertion of West Il:t:r [nelua-ticg lankten and sheli-planting
etations gt the Dieor Idluneds and wear tha mouth of OfF v Rourare, For stations In tia
~bayou see Flaure 3. (Kreut Ul ¥, Cuast and Goudetie Furvy C_Ei.u't NG, 1282)

nnnly 21s 1n order to ectablish the relative abundance of ovstes larve and of diatoms.
Wirnover possible watler samples were brought from the vieinitv of Peer Tslands
(station 3) and Hanna Reef (station 7) and tested for pHl and salinity. Tn this
manner records were obtained which showed the phyzical characieristics of the water
as well as the abundance of oyster larvae and diatoms throughout the ma 3jOr part of
the spawning season, |

As a merans of d atermming when sotting of ovster Inrve talies zEﬂ_t:;rI.e)_}'si.£~l' snells
were planted periedieally on tlm reefs at stations 1 #n! 2 41 the bavou, station 3 at
the Deer islands, and station 4 on Hanna Reef. The sbhells were nlecrd in Haers whieh
were made of fi-inch mesic poultry wire and held about o half Lushel of sieils caci.
(t'17.1.)  Deseriptions of such bags have been paldizhied by DPrythesch {1G3i).
Shells from the Bohvar cannery were used lwm!--e thev \\t‘!‘{} thorourhly elean,
Un,r Iﬂfmfllu 0= |}‘! 1Y of shells pe im-]m**]lw m f:orahin r A0S 1 oW ;mw«lh.& to
determine when setting occurred.  There was no pu—:qbihl y of tl:c shedds bee Ll

climy, for they were frequently exchanged.
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60 BULLETIN OF THE BUREAU OF FISHERIES

DESCRIPTION OF ©OFFATTS BAYOU

Sinee raany of the ehservations reported in the following prges were made 1n the
bayou some description of this small body of water is essential.  (Fiz. 5.) It is about
2 miles lones and varies fram less than a quarter mile to about & half mile in width,
and extendz from West Bav into Galveston Islend toward the Gulf. It is said that
it is what remnuins of an old inlet connec’ing the bay and the Gulf. Though formerly
shellove Jile post other such baveus along this coast, a few years ago exi-nsive
dredeine was doue for the parpase of filling in low land on the island. An irregular
channel ({i7. 5) noew extends throughout most of the lepzth of the bayou and 1s 30
fect or more deep. Portions of the bayou, however, still remain shallow and on these
are excellent private oyster grounds which produce well-shaped, fat oysters. The
deep channel insures a fairly rapid exchange of waler with West Day and would not
be expected to suffer great changes in salinity due to local ruinfali. Three regular

o
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FiGURE 5.—Chart of Offatts Bayon showing oyster reefs, channels, and stations where shells were pianted and lankion
samples ¢ollected. Sce deseription in text. The Jaboratory was on tiie bank oppesite the puint murked A. Chart is
based on preliminary survey by Urited Statcs Engincers. Locatious of oysier reefs indizaied by Dolph Rogers, Galvaston

stations for plankton collections and two for the planting of bags of shells are indi-

cated on the chart.
THE SFAWNING SEASON

Ti has Iong been Enown that the spawning season of oysters in southern waters
is very long, as compared {o the short seasoun in Leug Island Sound, for example.
(Prytherch, 1929.) Moore {1507} concluded from a study: of Matagorda Bay that
the major spawning inTexas waters takes place between May and early August. Later
Moore and Danglade (1915) sudd that most of the spawning season was hmited
between Mayv 1 and October 1. These cenclusions were drawn Jargely from chser-
vuiions on the setting seasen, which, as will be shown, need not be closely siuitar to
thie spawnung peried. |

1t hias been established that ovsters do not espawn untfil after the water temperature
reaches 90° O (Chured sl f—%fﬁ; Nelson, 1005 Pryvilierch, 1820 Ciadisedt, 1_{'13{';},
pnd that tie lenxth of the spawsing sexvon iz ltted, therefore, by temperaoare.
Oysters from Galvestor flay wise exmwnined frequently during February and March
(1929) in an attempt to locate as nearly as possible the exact fime of appearance of
well-formed eres gnd setive sperms In the gonads, |

A
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The first oysters which were found to be somewhat “milky ” were taksn on March
18 in the bayou. Qnly an occasional specinen, howey er, contaiged either well-
formed eggs or active spermns,  On March 23 a similar {'mm:mm was found in
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estimated as follows: 0, none; 1, very few;, 2, lew; 3, fair nq*'r:.“ur 4, anny, 5, very many.  Larvn 150
TLCTOLY OF more 1 dength are dn G sleip and Cosely apjroc s g waiarity

ovsters taken from hoth F‘m..f and West Bays, On the 20th all spectmens from the
bayou which were examined contained mature eggs or sperms, and some appeared to
have rpawned partially. On Aprﬂ 5 specimens from East and West Bays also
appeared to have started spawning. | |
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Oyster larvm were taken for the first thue in plankton collections on March 28

‘n the baveu. These were not nunacrous and were of the late straight-hinge stage,
n,r.presun;_ﬁ.l:&v 9 to 3 days oll. This is in substantial rgreement with .the observa-
tions on the gouads of the oyster and establishes che initiation of spawning on about
March 25, | | N -
A quantitative method of mersinirg the abundance of oyster larve in plan.ton
coliections was not employed, for while such 8 measure might be feasible durivg 2 {ew
weeks it would be too tinie conzsming over a period of several months, A {_ff‘i.ifiﬁ _'
sethod of approximution of abundance was devised which gave values of relative
significance.  After immediste exeinglion o determine if larvee were present the
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¥IGURE 7.—Charts showing the relative atundance fcirclas) and apiaorimata glze (verkiczl linesy of oyster
lurven taken [ plankton collectiont sl Uleer Islands frum Moy (o August, 1933, Bize refers (o leagih of
tarvel shell i microns. Relative abun-liznce was estimated os follows: 6, moael 3, very fow; 2, few; 3, faur
nomber; 4. tiany; 5, very maay; §, cxinuue’y atusdant S

samples of plankton were preserved and kept unitl the end of the summer.  Then,
over a rolstively short period, to tusare accvrary, the abundance of larve in each
capuple was estinated by an arlitrary standard. Nusiabers from 0 to G were employved
Ho destrnate frenn neme to extremcdy sbundant and were achined es follows: 1, vervy

fow: 2, fow; 3, fuir number; 4, many; 5, very many; grid O, extreracly abundant,
Al cotlections were made in the surface 12 {o 15 wiches of water and these figures

refer only to the presence of larvis ot this level.  IHowever, since larvae were taken in

- * i ; ‘1 -~ [ ] - N oam ma By ':"' :"" IS e By -I. & " ' 3 - * e WY -
neariy ey ery colleetion affer the cind of Marchitis probable that the eollections repres
cont o resscunabie edtiiante of the wbundance of inrvae 1 the water; or the intensity of
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The general size range of the lnrve tn each sapanie was Goferminad hy messhring

the leneth of a number of specimens with a micrometer scale.  “Lhe purposc was
primarily to obtain an idea of the age, or growth staze, of the larve. In IFigure €

-

araphs are presented to show both the relaive abundbinee and the size rangoe of

larvee taken ia plankion collections in Gilatts Bevan fvom Aoeil 1 ountil the end of
Augnst,  Collections dnring the lattor part of Apn! and the beginming of May were
infrequent, but the resnlts of these sanzples ave entirely cousifent. it will be observed

that during early Apiil larvee in the eollections were tiot alaninnt, tndicating that
spawning had not reached its maximum.  Aflter the middle of Apnl, however, the
curve is very hizh showing the great abuudanee ol eyster larvie. This abundance of
Larve continued until the middle of June and fros then untid the end of August,
when collections were discontinued, the number of larve taken became constantly
less numerous. o E |
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Frovas §.—CRhart showing (he relstive abundanes of oystor jarvme and dintems, in
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plankton semples taken st stations 1o (Qzs, 4 a:d 73, as averages of all colloctions
during excn manth e May to Auguast, Beiilive phrartine 2 Qeiignayted by
ori¥eates ns fn Fizures 6nnd 7. Therapid diserrearance of diatoms is contrasted
with the relatively slaw reduction in number of faiva taken

The period of greatest abundance of larve in the water appears to-have been
from the middle of April to the middle of June. Since these larve were predominantly
in the straicht-hinee stage, or within about 3 days old presumably, the records may
be considered to indicate the period of most profuse spawning. However, in July
and August spawning continued, ex showa mn Figure G, at a diminished rate, and
almost every collection contained larvae.  The colleetions made at the Deer Islands
(fie. 7) were essentiaily similar to those made in the buyou, as deseribed above, though
few samples were taken before the end of May.

Fizure 8§ is presented to show the monthly average abundunce of larve takenin
collectivas at stations 1 to 6. 'The abundance of dintenas 13 alao given in this fiisure.
(See section on digtoms)  Stations 1, 2, and 3 weee in the bhayou; station 4'in West
Day outside the buvon'inlet; and stations 5 and 6, which are nveraged as of one stution
numbered 3, at the Decr Islunds. (See charts, fizs, dand 5.3 The rembve shundanes
of lirvie at each station was determined by averaging the figures designating the
abundanee of Iarvee in sll collections taken at each station during cach month, from

4456931 ——2 '
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Liay to August. April was not included in this because of the relative infrequency
of the collectious, The firure ﬂ-hmtr that the pesk of spawning oceurred in May and
June, partculariv the latter. The August collections at stations 4 and 5-6 1n West
Bay and siation 3 in the bayou iniet mntumtd romewhat more larve than in July,
indicatinz a possible acceleration of pawning at this time,

Ohservations were brought {o aclose at tho end of Avgust, and it1s not known how
much Jonger spawning 1,~ur_1=.’_111110{]-. From the récorils, hawever, it may be coneizdec
that the f-".pmmim season was far from complete at this time. (Sce ﬁ”‘a 6, 7, and 8.)
It may he assuricd thal the =eason eontirmed for at lesst ancther month uml pmﬂh]y
even loneer. From the end of March until the end of August——-a period of fivemonths—-
EPAWNINE OCCUrTed Gpparen tly continuously, and it is reasonable to assume that the
usual spawning period covers at least six months. During the time after spawning
started only very cceasional samples were taken which contained no larve, and these
wero taken in storiny wenther when the silt in the water clc, :ged the net and rendcrod
the coilections of little sigmiicance. | | '

On the graphs showing daily ebuudance of larve in the bayou (fig. G) and af Decr
Islands {fig. 7) the size range of the larve teken is also indicated. Larve inthestraight-
hinge stage are less than sbout 150 microns in length, while those 150 microns or
‘more long are in the umbo siage. At sbot 200 microns lebpgzth the larve are ciose to
the setting stage. * Most larvee taken throughout the season were in the straight-
‘hinge stage, and ealy at certain perieds did umbo larve appear. It would scom that
the larve enher did not develop ranidiy or else died before becoming malure, for the
presence of larga larvee in the water was closely associated with the appearanco of
spab. "Chis is discussed more fully in the section on setting and neced not be described
further here.

SEX OF OYSTERS

While making exeminations of cvsters during the spring and summer, records
were kept of the number of specimens of each sex: At uregular Intervals small lots
¢f unselected oysters were brought in from various reefs {or the purpose of determuning
whether mature eges were present in the gonads. The records showed, incidentally, a
great predomman-fc of fcmales. Determninations made by Dr. Paul S. Galtsoff as
well »s those by the author are given i Table 1. In a few cases some specimens were
either too completely spawued cut or iminature to permit ready determination of
sex. In the table these are recorded as doubfful.” Out of 252 oysters exammned 178
were femeales, 51 were males, and 23 were of doubtful sex. More than three tirnes as
many females were taken as males, although the samples were taken in small lots at
different times from different placm.. In cach lot exermined, malés were outnunibered
by females, Even if all of the specimicens considered dcnubt-[ul were males there would
still be more than twice as many fenivies, - -

It hardly scems pos&tbi that these results do not indicate the presence of more
Hemale than male.ovsters in this vicinity, »lthoush it has geperally been found on the
Atlantie const that the two sexes ere ::q'al;.ﬂl:f NUMETONS.
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TABLE 1.-~Scx of oysters in Galveston Bay
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P Specimens which wore ither speorned ot or Imneinre, tha sex of which was nit readily determined.
f ooty made by r. Taul S, Galisoff, - - .

WATER TEMPERATURE IN RILATION TO SPAWNING

The daily temperature of the water in Offatts Bayou is given in Fizure 9 as the
average of readings from the thermograph chart at each of the 24 Lours daily. The
bulb of the thernograph was under about 2% fect of weter at mean low tide, |

At the end of IFebruary and the beginning of March (fig. 9) the temperature was
hetween 14° and 15° C., from: which it rose, by the middle of March, to 18° to 19° C.
The major spring rise in water temperatnre, however, took place in the latter half of
March. The temperature passed 20° C. on March 21, and six days later was over
25° C. The initiation of spawning as & respoase to rise in temperature is well illus-
trated here, for the first larve were found in the water on the 28th, However, instead
of appearing immediately after the temperaturs reached 20° C., their appearance is
more closely coerdinated with the 25° C. leval,  This indicates thet there Is consider-
able lag between the tune the water temperature reaches 20°C. and the time spawning
begins,  In fact it is very probable that the surface water, in which the oyster recfs
sre located, reached 207 C. well in advance of the timo that the everage tomperature
of the deeper water, as shown in the fizure, attained this level.

The thermograph recotrds show that even at a depth of 24 feet the temperature
was mainteined for several hours at 20° C. as early as March 7. For 13 hours on
March 9 it was between 20°and 22°C. On the 10th it was for & hours between 20° and
21°C. Fram the 10th until the 20th the maximum temperatiire shown on the ¢charts
was well over 19° C. Since the spring rise in temperature, beginning early in March,
was due naturally fo air temperature and sunshine it is probable that throughout the
early part of the month the temperature of the water at the level of the oyster beds
was 20° C. or above during most of the daylizht hours, yet no larve were found in the
water and the oystors appeared to he mo=tly voready to SPawWDN, "

‘On the basis of these observations, it would be possible to state that 20° C. s
the ¢ritical temporsture for spawning of ovstora on the Guif const, However, Galtaoff
( 192 showed experimentally that spawning will not occur Lolow 20° C. Lt st Vs
or higher temperatures it will take place when thespecimens are adequ ately stimulated.
Urom field observations on the Atlantic coust it was coneludid by Churelill (iula;,
Nelson (1928), and Prytherch (1929) that spawning begins shortly after the water
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(1929 in Tong Island Sound, where the entire srason’s spawning telkes place within
Jes2 than one month and ean be predieted on the hasis of water temperature. In
that place the oysters Spasn mmph*t v withia a short time, while in the Gulf
walers the snawn it ejected slowly over Ihag periods of time. About g month and
a hall was regoived for spaaning to reech-is maximing, while in Lomg Island Sound
and similar waters the maximuam 18 reached within a few duys alier the water
reaches 20° C, |

Tanie 2-~Temperalure in °C. of Surface valer, Galeeslin Day, in swnemer, 1928
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The water temperature in the bayou fluctuated arcund "5"’ C. during April
and AMav, and during June, July, and August selaom dropped below 30° Tempera-
{ures between 20° snd 33° C. are extremely high, as cmnparcd with the North
JAtlantic waters, but probably are not much .,,.Lm*e average duriig the summer for
}fémbw% on the Gulf coast. The high temperature of the water throughout a large
part of the vear is probably reqponﬂble for the rapid growth of oysters, mhmh attain

inarlketable size in two years. - | |

In the open bay the temperature did not nse quite as high as in the hayou.
In Table 2 records of separate readings of the temperature of surface water in both
East and West Days are given. Because of the exposure of these weters to wind
the temperature in general ranged slightly below-30° C. during the summer,

SALINITY AND HYDROGEN-ION CONCENTRATION

Galveston Bay is subject to changes in salinity due to discharge from the San.
Jacinto and Trintty Rivers and inpumerable small bayous which drain the main-
lond as well &3 to the direetion and strengtl of the wind. Beinz a shallow bay it
would be expected to oxhibit marked changes in salinity, particularly asg a result
of swollen rivers. | ‘

Samples of bayvou water, from the surfaee 6 inches, were tested daily for salinity
and pll,  Frequent tests were also made with somples from e Deer Iddands o
West Bay and Hanna Reof in Tast Bav., A brief deseription of the chanees taking
place in the water during spring and summer i3 necessary to show what 15 perhinns
a semitypical example of the varintion in the bay waters of most of the Gulf const,
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SPAWNING AND SETTING OF OYSTERS 69

‘he records of Offatts Bayou water are shovn in Flgure 10, whila thaze of ¢
water at Deer Islands and Fast Bay are given in Fignrees 11 and {2, In the bw-nu.
daring March and up until about the middle of Apnl the sulinily was 21 to 22 pfirtq
per thousand. It then fell shizhly (fig. 16 to elveut 1S parts ps} trsand, slowly
ricinge to 21 parts per thousend st the middle of Nav, before faline ::-hf*:*u! v to eronnd
14 parts per thonsand at the end of the month,  Larly In June 1t fell Lo ¥ parts per
thousa~d, and at the end of Aucust it steadily roze to ebant 24 parts per t.mnmn.nd.
Records for Deer Islands were not made antil Jass (g, 11) bot after this time the
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FravRe 1. ~Shnwing recer-daof salinity and pll of surfuce walser 2o f inteasity of oveter Iarve at Deer Islands
from May Lo Atgust, inclusive. After August 20 setting was occurring but counts were not made

salinify varlations were essentially similat to thoza in the bayou save that, due to
the larger size of West Bay and the free sweep-of ‘winds and tides, there is greater
fluctuation, Early in June the salinity was Lolow 4 parts per thousand and the
wrter was almost fresh. In Eust Day few testz wera made, and theze were as low

88 2 parts per thousand in June, (Fig. 12.)

A more detailed deseription of the sabhuity vartations i3 nmf‘e in the seetion on
sarhd 1!1”’

The pH of the uater both in the l}ft} ou and in West Day, anpears to be char-
acteristically belween 8.1 and 8$.4. Readings were found to ecree closely swhen
different indicators were empluyed Dumn‘ lha wne that t{“‘%ta Wern BaGo fne
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P voas seldom bl 8, but in the haveu it August it rose to nearly 9, due prohably
to algad growth  The pll of the water -was not ohserved to have any particular
significance with rezard to the spawning and setting of oy sters.

OBSERVATIONS CN SETTING

It has been exiablished by Protiwereh (1029) that the muul pertod of arval
development, from the tim. of spawning until the larvae set, is ahout 15 days. By
“means of this knowledee ke was able to p:edict in Long Isiund Sound the beginning
of setting by determining the time when spawning sicried.  Where-conditions remain
constantiy favorable, such & method of obtaining sct economically may be empioved,

- bt in Galveston Bay no such relationship between the times of spawning and selting
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F1GURE 12.—Chart showing intensity of setiing of ovster Jarvie and o few salicity deteriainaticns at Hanna
Feet, East Pay, frem Moy to August, inclusive

was found to obtain. The oysters started spawning at the end of March, but ne
appreciable set was obtained at any place until the middle of May, after nearly
two months had elapsed. = R
| The problem of obtaining adequaie set is the most unportant one in the industry,
and an ottempt was wmade to determine when periods of getting micht he expected
i order that they be taken advantace of to procare seed oysters. Obviously the
tune of spawning had little bearing wpon the setting time in Galveston Bay, for
factors other than the normal length of the laryval period appeared to influence the
nturation of the Yerve. | | |
~ In order to deternune as closely &8s possible the thne when setting takes place,
wire hays of shells were pluesd in faveralie positions in 1l bavou (e 5, Stations |
and 113 in West Bavy (1l ) Staiing ¥ oondan Fest Bay Ui, 2, Station IV At
cacl station Lags were placed both on top of the natural roef ot approsimteiv lov -
tude Ievel or a fow inches above nnd at the cdze of the reef in 2-4 feet of water af fow
tide. Foeh bacof chells was nas:bered wind the (s e aud Bosttion of plantineg recorded
At mtervals of one to three weeks 1oy bags were planted in cach phiee snd Fepre-
monlutiv e ones of thee Gt had ey cxpustd m o the waicr were brourht to the



SUAOCNING AND SETTING OF GYRVERS | | Pl

]Hmrﬂmw and examined envefully for spat. By eonzinnt?y placiax frach, elosn baes of
chiells on the beds adequate enlteh was ﬂh avs svailalile for larvie of the setlmg stae.
In this manner the possibality of the shieils beenming teo slumy 1o aci s suidbablde set-
ting places was elinunated.  As a further mmmi the Gy slers and ~heils of the natursl
reefs were examined from time to |

tizne in order to be sure setting was T T T T T T
not tuking place on thoese msiead | - ' o :
of on the planted shells. Bags
of shells were pentodicaily planted
from earlv in March vntil late in
August and examined for spat.

- When it was found that the
.bags of shells bore spat, several -
such bags from the same place were
examined to see roughly if the spat
were of the same approximate size
and abundance. Then all of the
ehells in one bag, or in two from | _
the same place,” were carefully I I - W s e
exemined and counts made of the HITH LENbTH OF SHELL (NELL!HETERS]

total number of spat on the inside Ficure 13— howing average daily growth ju length of shell of oyster
sur faces of the shells ~p this spat Io relation to total leagih, The growih rate increnses glightly

with size. An sleal live is Jeawn to serve 85 2 Lass for cateulaticns
method requires the cmmtln# of
voung and minute spat it was not possible to make counts for more ‘than & half bushel
of shells in cach case.  Onix those on the inside surfaces of the shells were counted
beeause the outside surfﬂces of the shells were too rough to permit accuracy.
The counts made are compar-

GRGWTH i:as' LF_;NGTH OF SHELL DAILY (M}

. able, however, aud refer to the

" number of spat on the inside sur-
0 e faces of o balf bushel of shells.
" The counts were more accurate
¥ : for spat several davs old than for
S those only one or two days after
5’ setling, because the latter were
& : readily sloughed off in handling,
-§: . especially after the shells had be-
= come dry.

b 4

: GROWTH OF SPAT

o .

T &2 O £ D Rk #w B @ I 2 228 28 30 33X 54 30 08 40 A -

| ‘ L
AL OF SMAT 8 DAYS In tlie counts sbove deseribed

FIGURE H.—Showing length of shell of oyster spat in relation to aze. itj would oceur that the spat
caiclated from valugs on the ideal Vne ia Figure 13, The carve, Itlii‘.:‘ht rangse {"{HH less than 1
:?:!E:::i‘?::mﬂf spat of the sges stown deperts only sligh:ly {from 8 I'ﬂiﬁ neter to 8 ar S ]IIIH’IHE{{'I‘% in

| | . l{‘n’“th the shelis having Leenin the
water for two or three weela, It was mmwa‘ur d Jdedirable to atiompt to define the
infensity of setting more closely than over two or 1]! ee week Intervals, A roughly
51’.‘1‘\‘}(‘[31}[1'1:1! method was devized to give the musnber of larve setting daily at each

”
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SPATYNING AND SETTING OF OYSTERG 73

are rare and grew faster then svernze, for the i dividusl variation 1g Jarge,  Appar-
ently the oldest gpat cot soon nfter the shells were placed in the water,  Then, smee
the growih rate may he conzidered constant, the shacizsal exis represenung stze wag
divided up inlo 2 equel paris, as shown in the foure, cach rapresenting a day.

On the hosis of these divisions the size range of Crzpai for each day wes recurded
and the meswrements recrouped sreording to the day of setting, Those data woere
then plotted as m Fgure 16, wlich shows 100 relntive niaber of larvee winch set
encli day.- This is the approximate distribution of the 3UU which: were menstred.
Sinee there were 1,800 spe* altozeiher, by mulitiplying each *ralns by 6 the {otal
cumber of Jarve setting daily per his!f brshel of shells was obtained. |

It would be simple if it were possible to establish the age readily stimply by
referring to the sge and st curve (fig: 14): but this would be less accurals because
the spat grow more rapidly at some times and at some places than at others, due to
depth of water and eonsequent temperature, ic. The method above deseribed
appears to bo much more serviceable 1n indicating the aj proximate times of most
profuse setling. d _

" Qimilar counts and caleulations were made throughout the summer with samples

of chells which received & set. These results are grouped in three sories according

¢o location of the reefs on which the shells were planted and are presented graphically
on the charts (figs. 10, 11, end 12) which tuow also salinity and pH of the water.

 RETTING PERIODS DURING SEABON

Shells in wire bags were planted at two stations in the bayou. - (Fig. b, Stations
T and II.) ‘The main reef, on which Station 1l wes tocated, is on one side of the
channel end is relatively free from the tidal currents which flew back and forth.
The “middle ground,” however, (Station 1), is an isolated shallow plot directly
in the path of the currents and might be expectid to be subject to relatively rapid
changes in the water whick fiows in from West Day during flood {ide and out from the
unper end of the bayou during ebb de. This difference between the locations of
‘he two bayou stations is important, for, 1n some cases, shiells at one of the places
received set while those et the other did not. |
' Tt has been pointed out that spawning was taking place at the end of March.
From the cbservations of Prytherch (1929) that the larvs!l peried 18 about 15 days,
it was expected that small spat would be fourd by the middle of April. However,
no set was obtained on any reef during the entire month of April.  Duriug about 81X
days at the middls of May (fiz. 10) a period of eottine {ook place at both stations
in the bayou, but not in West Bay (fig. 11). At abont the same period, or a few days
earlier, a Heht set occurred in Ilast Bay on lianna Reel. At the end of June a few
days of light setting ocenrred in the bayou, on the middle ground reef, but not on the
main reef. Neither in West Bay nor in East Bay did any sctting take place at this
time. | | - -
Farly in July a short peried of relatively heavy setting ocenrred in West Bay.
" {Fiz. 11.)  The scale of ordinates on this figure 13 diffsrent from hwe vthers, and each.
St is 12,5 tines ns grent, in order {o show (he heavy setting whizh teok place Jater,
At the same tine yonng spat were not found on shellsin East Bay. However, there
was a light sct on the middle ground reef in tic bavou put net en the mam reef.
At the end of July and beginning of August a 2-week period of setting occurred 1n
East Ray, followed after a few days by coutinuous heavy settirg n West Bay, buy
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not in the baveu.  Observations were discontinued about August 20 and further
connts were not made.  However, shells put in the water on August 20 in both
West Bay and the bavon collected <pat, showing thut setilng had started acain in the
hevou snd was continuing in West Bay.  Up until the 27th there was no further sct
in Flast Tay. .. . |
These reeonls, a2z shewn in Fizvres 10, 11, and 12, indicxte that whatever factors
mayv heve infiuenced the setting of the tatve they were not equaily effcetive in the
three locations.  Such natursl variations ss sunshine, temperature, snd loecal pre-
cipitation would be virtually the same in all three places, and it is necessary to look
further in order to obtain a sugges:ion of the factors controllire setting.
-~ Table 3 gives o summary of the results of all counts of spat which were made.
Except near the end of the season, in the case of the Deer Islands samples, setting

was nover extreinely heavy, It was not & continuous process, as appears to have
“heen ‘ruc of spawning, but tock place in isolated pericds. It looks as if the time of

major setting, during the season of 1929, was early fall, for at the end of August
profuse setting was taking place both in West Bay and in Offatts Bavou, and in both

places larve in the umbo stage were constantly found in the plankton collections.

(Figs. 6 and 7.)  According to local oystermen most of the set1s often cbtained early
in the {all. | |
APPARENT INFLULNCE OF SALINITY ON SETTING

A comparisen of the records of sslinity with those of setting (figs. 10, 11, and 12)
sugzests the possibility that there may have been some connection between salinaly
of the water snd maturstion of the oyster lurve, 1t has been pointed out that in
Offatts Bavou the two reefs where bags of sheélls were slanted were close together
but that at times set was obtainsd on only one of them. This would indicate a
difference in some respect hetween the water at the two places. '

During March and up until April 13, the salinity of the water in the bayou was
around 22 paris*per thousard. However, on the merning of April 13 & heavy rain
fell, and the next day the salimity wis down to below 19 parts per thousand. This
oceurred at the time wheu the begitning of setting was ¢xpected.  During the follow-
ing four weeks the salinity rose very slowly und was about 21 parts per thousand at
the middle of May for a few days. At thi- time and for a few days thereafter a fairly
heavy set took place, amounting to ebout 1,000 spat per bag of shells. Spat were
found on both reefs in the bayou, kut not at the Decr Islands in the adjomning West
Bay. ~ The salinity then fell abrupiy and setting ceased on the main reef.

A fow days later, however, a lizht set occurred on the middle grotind reef only.
Since set{ing was not going on in West Bay thus could not have been due to mature
lsrvee brought in from that place.  Further, the marked lowering in the salinity of
bavou water was due to the inflow of West Bay water, for the bayou 13 subject to
almost no dilntien bv direet land drainaze. It was ohserved consistentiv that
chanres in the sebnity of West Bay water were only slowly tran=mitted (o the water
up.in the baxon, so 1t would be expected that, following such a changs, o salimiy
crudicnt would exist fiom end to czd of the bayovi. On June 6 a series of samples
wae taken Trom six plices smd testad foesatinity, The first was at the Deer J-lands,
in We=t Bay, with a valiony of 375 pacts por thouwsand. The others were taken
frons pustiions i the haveu nebonted on the chart iz 5) H}' the fetters 21 o [o,
extending from the faberatory doch to the head of the bayenu.  The salinity values
31y parts jeer ihovsatd were e fallov s JLG70; I, 725, C, 7.80; D) 7084 und [, 807,

r



oy o
é

SPAWSNING AND RET FING GF OYSTERS ;)
CThis gradient of salinity i the bavow shows Ghat the water Jeast subject to change,
as a result of the ilow of Went Bas water, is < that at the head of the bayou.,  ‘These
tests were made mers than s weck after Illf" hriel setiiny pertod on the nuddie ground
reef touk place, but yet show the presenee of wat er of lii""hf‘l‘ siititty at the inner end
Cof the bayow.

The sipnificanee of this sal .mh ere lent
which occuryed at the end of Jay on the 11-;:2“
of hieh salimity left o the nner end of the bavou mowd'mltv. zrd alone the ehinnned
at ebb tide and furnished wideguate setting corditions along the main channel, in
wirich the nuda le f"*‘ﬂlllld is loenied. "Sueh water would not be expected tu tow
the naain recf to thes! 'e, where noset took plsce.  Such a condition would be {‘X’fli"r““{*{l -
when the aalinity We-~t Bay is falling, and the bayou water is of a higier snhmty;

Yvhen the situation 13 reversoed, hmx cver, and the salinity of West Bay water is
rising while that of bayvou waier fullows, the water lowing into the channel ut floed
would be of ligher salinity than that at ebb tide. This vou}i also give opportunity
for setling to oceur on the middle-ground reef. This econdition obtained earty in
July, when a fairly Lieavy set was obtained, at the Deer Islands, amounting to between
400 and 500 spat per dav per bag of shel 13. At the same time a set of 15 to 25 spat
per daoy per bug of shells was obtrined on the middle-ground reef, but not on the
‘main reef. - After this no farther set took place in the bayou until the week following
August 19, when the bags of shells on both reefs received & fairly heavy set. The
eraph (fig. 10) shows thﬂt at this time the salinity was risiug gradually from 20 to
about 24 parts per thoussnd.,

No set was obtained on the Deer Islands Reef (ﬁg 11) until early in July, and
this occurred on a rapidiy rising salipity, which, during this time according to the
samples taken, rose from about 14 to over.20 parts per thousand. These measure-
- ments are necessarily rough for there 1s inuch vanation m sach a body of water as

Vest Bay where the effect of tides and winds is great. The salinity then remained
at a slichtly reduced level until the first of August when it started upward and by the
end of August was close to 36 parts per thousand. Coineciding with this rise came a
period of very heavy setting during which up to 3,000 spat were obtained daily per
half bushel bag of shells. Figure 17 shows a sample of one of the clumps of shells
bearing spat up to about two weeks old. Setting was stili continuing when
vbservations were discontinued, - L

In East Bay at Henna Reef (fig. 12) only o fow bﬁ*l;ﬂlt} detorminations were made,
but the results are in harmony withi those above deseribed. A pertod of setting took
place early in May, extending cver about fwo weeks, with its poak a few days earlier
thun that in the bayou. It may be assumed that at this ime the salinity was high
in Bast Bay as well as in the bayou. On the 23d 1t wus down to 6 parts per thousaud,
even lower than that in ths bayon.  The infreguent determinations, a3 shown i the
Aigure, indicate that alter June 24, when the zolimity was less than 2 parts per thou-
sand, it rose to 12 parts per chouzand on July 14 wud possibly hizher ab the end of
the month, as was the case in West Bay. (I*rf‘r 11} Samples of shells broncht
on Nusust 5 showed that s fatr set hiad taken place duving the preceilling two woeks
On this date the salinity wos 13 parts per thowsand and on the nest day was down to
less thinn 10 parts per thausand, and no more setting occurred.  Previous to the
setting period the salinity was rizing, and afterwards 1t was fulling, but the sahuity
at the tine of setiing 13 unhoowi,  Fellowme this the salivily geadually rose to 18

th re fzml to the ti""l* sittino pt‘l!ﬂ-ﬂ
p-grround reef ia pu-mhlv that waier
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pacts per thousand on Aueust 27 but no set was obtained at this time.  On the other
~ Lend, at ihie seie @ime the salnity in the bayou (fig. 16) and in West Bay (fig. 11)
was between 24 and 30 parts e thnusand and setiing wis golng on. |

These records are sursesiive of a mml\r*{l correlution between the salaity of
‘he water and the setting of ovster larve. The results obtained 1n Oilatts Bayou
are the most sienificant hecause the small size and relatively great depth of the
charmels prevent a rapid exchange of water, and variations in salimity sre not as
frequent or extreme &s in cither West Bay or East Bay. Consequently the dat'y
| a.nnp*ca of water tested gave results more representative of 2etual salinity conditions
than in the casc of the open bays.  Although less accurate the records taken at the
Deer Islands are also valuable for they are reasonably consistent in spite of the
exposure of the bay to the effcets of tides and winds.  The resyltsindicate that setting
pe’ ‘ods followed rises in salinily above approximately 20 parts per thousand, aithough
1t 18 certainiy s 1')0541)]’:,. to state an exact lumut. '

It has long heen recognized that very low salinity is unfavorable to-the production
of sced oysters. A number of investigations on the Gulf cosst have indicated the
harm{ul effces of freshets on oyster larvee. Moore and Pope (1910, p. 19) found that
shells planted in the Bayou %4, Denis in Louisiana “remained barren during the
period in which the crevesse water (from the Mississippi River) was pouring over the
beds, but after this was stopped snd the water grew more silt a small set nppeared
on these shells *  *  #?2 slthourh their figures of salinity during this pericd wers
between 13 and 14 parts per t.lmu:aa.nd. In Mississippi, Moore (1913) found heavy
seiting in water, the average salinity of which was about 22 parts per thousand, as
mmrust.ed to the observation of Mooure and Pope (1910) that in one bay in Louisiana
not far away there was a very skow set throughout the summer in water ranging in
salinity up to about 13 parts per thousand, though the figures represent very few
‘determinations.  Churchill (1920) stuted that oysters seem to thrive best in waters
of salinity between 14 and 28 parts ver thousand, and pointed cut that the production
of spat is inhibited by freshets. He considered larve to be extremely sensitive,
particularly to cold and rain. ' .
| Conditions of salinity in the Gulf ~oast waters are entirely different from those

in the waters of Long Island Scund where Prytherch (1929) has been able to predict
the peak of setting ‘to occur close to 15 days after the peak of apavmmg This
investigator found that in MMilford Harbor, (‘Gnn the salinity rangcd from 25 to 23
parts per thousand. On the cthier hand the s alnul.} in Galveston Bay durmg the
spring and summer varied from iess than 2 to ncarly 30 parts per thousand. It is
pmbﬂhlv this variability which i3 ]*ﬂ'i."i‘lj?' responsible for the discrepancy between the
spawning and setting times in GGalveston B&v und those in Milford Harbor.

If, as sppears to be the case, a salinity of ubove 20 parts per thousand was neces-
sary in Galveston Bay befere Oy sler larvae would set, the question arises as to how this
factor produced such an effect. The effect muy have been indirect, due to the
ahundnince of the organisns on which oyster farvae feed whicl in turn may depend
wpen a certain saliniy moordes to stiaio maximuh shindunce.  1tis possible, though |
hardlv . probable, that ovster larve reqmr'- water of o certain osimotic pressure in
order to wature,  1tis also sugpestes that salinity as such s secondory i proaoting
cottivir and b the snost bupertent fuctor 1s vome speciite 1on or salt i the water,

Fule
w corin eoncentralion o f \‘.‘ 0 .1 :: t“‘i:i"!lll‘ti to the larve. W ln._-t‘.‘!t*l‘. (1.)1(}), f(JI'
i‘hh!:i[#h, found thatin the viws - f Bes LllfUlf N. ("l there was i’l‘!l‘widtl‘ shile dil-

fervncy buiwoeen salnotos of W tm,r withs respect {o the re lutiw percentage of suiae of
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the saltd,  Aaiy<es of Galioston Bav water sliowsd cimitur and mars atrikine
variations i <ome of thie salts, Tiiese dafa will be pablishid u2 a later date. 1 is
posaible thal oy=ter bueva reguire o l_ti;-;l_z conrentration of some salt which in time of
freshets ds moconceniration too b to periat the complerem of Inrval develonment.
If this iz the case siuch a «alt would be experted to bo in irh concentration i the
pure Gulfl water and lower coneentration in the dihitnul bay water. |
Prytherel * recently found that mcture ogster lurvie may be cauzed to set by
disselving a small stount of w coppoer salt In tha wator,  His evidence indicates that
the cof.per in solution in the river waters emptying into Loni Island Sonnd is instru- -
mental i causing larva to set, The fre-h water frein the vivers, acccrding to thig
worker, must be present in e high eaeugh proportion to allow setting o take place:
thet 1s, a certamn dilution, due to the river water, ir condusive to setting, This is
directly the oppoesite of the condition fouud to obtain in Calvesion Bay, where settin.s
appeared not to take place when the salinity was below about 20 parts por thousand.
It may he that optmmum conditions for setting are to be found when the sen woter
13 diluted by land drainage only to o limited degree, snd that when dil::tion is greater
some neccssary sulstance other than ecpper becomes reduced bolow the wminimal
required copeentration,  No conclusion can he drawn with respeet to the actual vause
of the phenomena observed in Galveston Bay, suve that in some manner sotting of
oyster larvae seems to be dependent either directly or indirectly upon salinity.

ABUNDANCE OF DIATOMS

The food of the oyster consists of tlie microscopic or semimicroscopic organisms
which float in the water, pasticularly the diatoms and other alze of comparable size
‘and form. The richness of this plankton st different periods of the vear determincs
In large measure the quality of the oysters, for without suflicient food oysters obviously
can not fatten. Ib is Lmpertant, therefore, to estimate the relative sbundance of
diatosms in the water rear oyster grounds. |

Plankton collections were made in the vicinity of Galveston during the spring-
and suinmer months, and these results show an interesting fluctuation in the relative
abundanve of diatoms during this time, Collectivns were made with o plankton net
of No. 20 bolting silkc, and hauls were made at the surface of the waier. YWhile the
collections were made primarily for obtaining oyster larve, they served as well for
diatoms. Samples were taken only infrequently during April and the first part of
May, but after this they were taken almost every day. - |

The relative abundance of diatoms was estimated as in the case of oyster larv:e,
Numbers from 0 to G were used to designate the relative number of diatoms. from
none to the maxumum ever taken. The method is not strictly quantitative but
serves well enough to show roughly the seasenal veriation in abundance of diatoms.
The numbers representing abundsnce were defined as follows: 0, diatoms totaily
absent, although this was never the case, for in every collection there would be
at least one or two diatoms; 1, very few diatoms, representing scarcely enough
to form a coating on the bottom of the bottle; 2, fow: 2, fair number ; 4, many; 5,
very many; and 6, extremely abundant, so that the plankton net became clogyed
aud the sample bottle was as full as possible of diatoms. ‘The gradations in between
the exireimes ere largely arbitrary, but since all estunntos were mada GVIT g period
of a fow days, while the last of the samples were being taken, and Ly the author only,
they represent a reasansble degree of necuracy. -

il P el e -+l

' Unpublished mavuscript.
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I Figuire 1S a1 of these dets are presented graphically. There are two main
stries, the sanples from Offatts Bavou and those from West Bay. In the former
each point represents the averace of three samples taken at the three places desiornated
i Pigure D {stations 1, 2, and 33, This average 12 a fair estimate of the abundance of -
dizto:uis m the bayou, for the jlaces where cellections were made include not only the
Swater near the month which is chanred frequently hy tides hut alsn that farther up
i ie bayou where the water is oy slowly exclanzad, In the case #f ‘he points
representing West Bay collections cach point is the average of three determinations:
two frora nesr the De r Islands and one from a short distance out in Wzt Bay from
the mouth of the bayou.  (Fig. 4, stutions 4, 5, and 6.} These points do not TIVe 4%
complete an idea of the abundance of digtens in West Bayv.us do those referring to
the bayou, for West Uay is much larger. In spite of this iact, however, it will be
cheerved (fg. 18) that there is a striking parallel between the records in the two
plaees, | | |

Another series of samples is also represented in tue figure, referring to East Bay
near Hanna Reel. Samples were taken only infrequently, and many of those taken
are not included because the water was muddy and clogged the net, making the sam-
ples of doubtful value. However, these few points are distinetly in agreement with
those of the other two series, suggesting that the records constitute a fair estimate of
the diatom content of Galveston Bay as a whole.. | |

The most striking characteristic of these records (fig. 18), when minor fluctua-
tions be overlooked, is the gradual reduction in abundance of diatoms in the water
from the end of March, when the first samples were taken, to the cad of August, when
sampling was discontinued. In the former case the water was so full of diatoms that
& haul had to be shorier than the standard time, due to clogging of the nel.  Toward
the end of July and during Auzust most of the samples contained little else save
oyster larvee. In most cases at this time very careful microscopic examination was
necessary in order to find one or two diatoms. These samples were designated as
halfway between none and very few and actually represent the virtusl absence of
diatoms of the sizes taken by tbe net. " R

Comparison of the graph of diztern sbundance with those of temperature (fig, 9)
and salinity (fig. 10) is of interest. Tho temperature rose rapidly toward the end of
March to over 25° C. and aficr this time diators becume rapidly less abundant.
‘the diatom records for the end of April and beginning of May aro too seattered to bo.
particularly significant, but the few samples during this peried showed extremely few
diatoms in the water.  The salinity during March, April, and half of May was in the
neighhorhood of 20 parts per thousand. ‘However, following May 20 the salinity
dropped quickly from 20 to about 14 parts per thousand, due to increase in river
dischurge. This was accompnnied by a drop of a few degrees in temperature. At -
the same time thers was a great fuercare in the diatem content of the surface water
whicl Insted for about 10 Juys, sud then abruptly the dintoras diza ppeared.

The variztions in the uverez¢ teinperature of bayvou water (fiz. 9) nfter the middle
¢f Mav appesr o bear a defintie retntionship 1o the abundance of disteps in {he
saiuples tubear i (his place. In teurly every ease, between this time and late i the
sujeaner, whnever there was 2 winrked ol i water femperature thers was a rive i
shiondoaeo of dicterns codleeted. When the teraperatare rose arain the dintoms tuken
becarie less ubundanis Even ndnor varintions in temperature were aceon panied
by fhictontions in the shuelove of dintoms taken.,  Whether tha temnperatune
vartation i Hsel pesponsiads tor dilferences in the abundance of dintoms 1s not clear.
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Figrre 18— harts showing the refatlve abumdanee of diafan, tﬂkﬂu_wit-h plankton I?Et of .Nn. 20 bolting
silk, In Gulveston Bay. Solid pointsrepiesent celiactions i Tutts Buyou, each peint Leing the m*ert_lga
£ Moo 0T Lo Saieore, Ulosles eafer to ediisetiona i West Thiy near :.l‘r-n*r Iﬂ“lE}:f?H, remﬁggntmg
as:etily taree sionpiea in Bt fay, omr [Txnts l_'~:=:eef. arp deaizasiad by XS, .,?I1-;un;.-;.;.*rm:-n_[‘!r uL‘-:.tmm
wan rouatly estinatad ss follows: 0, pone (althongh in no eise were they consndcred to Le ;ausu;utely
absent): ), very few; &, fow, &, Lur nubes; 4, many, S, VLTV ANy, ﬂ'. lﬂ.i:c‘.z‘:;v!::‘1t;--:ms?_->=nt. 'The ..z;_::uras
are unly rangh etimates bl elenily shost cers un Weyoiais oty E';-'iﬁﬁ*.::‘.}:}-‘ the danpesrance of datoms
towa <! the end o il piinmar

<tirs up the dintoms which may have settled to the bottom; that iz, these minor van-
ations may have been due to the me! hod of ssnnling, for the net was cffeciive only
for tho surface 12 or 15 inches of water. It is thiz surface water, however, which i3

-
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of pariiculur signtficance with rezard to oysters in most of the Gulf of Mexico waters,
sinee most oysters occur at approsimately the low-tide level and few are found in
deejer walor. | | |

Whatever mav be the significanco of the correlation between temperature fiuc-
tnatiens and tha abundance of diatoms at the surface, the graphs (fizs. 8 and 19)
show distinetls the gradual disappearsnce of diztoms botween Maveh and August,
This i« entirely in harmony with the well-known seasonal varationan diatom erowth.
S’ suer (1903) called aitention to the fact that while in northern waters there are two
paxima of diatom ehurdanee, one in spring and one in the fall, in more southern
waters {he twe maxims eneroach more and more upon the winter months, thus
tending to fuse together in wurm regions to form a eingle winter maximum,  This
condition was found in the Adriatic. A secondary maximum was found to eccur in
June and July. 3ish (1925) found essentially the same condition to cbtein in
Buzzards Bay. | B - ",

Gince this variation is & function of temperature, and since the warmer the water
the greater the teadency to concentrate the maximum into the winter months, 1t
would be expected that in the very warm water of Galveston Bay the maximum
would be of relatively short duration, perbaps in mid or late wiater, depending upen
the time of minimum temperature. It would be of considerable importance in
reaching a complete understapding of the differences between oysters of the North
Atlantic coast and those of the South Atlantic and Gulf coasts to obtain systematic
diatom collections throughout the year. It may well be that the short season during
which oysters in the southern weters arefut or prime is duie as much to a short period
during vhich sufficient food is available ss to the long spawning seasoa. The obser-
vation of Battle (1892) on oysters in South Carolina. waters is of significance in this
respect. He wrote (p. 329): ‘“As a rule the oysters de not attain their best condition
in South Carolina until late in the winter and early in the spring.”” Yet the spawn-
ing season there, as in Texas, probably endsin late fall. It is very probable that the
oysters do not become prime until rclatively late because. of the lack of food. in fall
and carly winter, and {hat the peried of maximum “fatness™ of the oysters corre-
sponds closely with the period of maximum abundance of diatoms.

USE OF WIRE BAGS OF SHELLS AS CULTCH .

In South Atlantic and Gulf waters one of the major difliculties in obtaining seed
oysters is due to the fact tirt sift and slime soon cover the cultch after it 1s placed
i the water. As has been discuzsed in the preeeding pages, the setting periods in
Galveston Bay were scattered and of short duration, although setting might be ex-
pected at times during at least six months of the year. }ad shells becn placed in the
water at ihe nuddie of April when & sct was expected, the shells would have becon:e
silted and their value ss ¢nlteh in this manner reduced before any setting took place.
Ior this reason the sitnple method of spreading shells on suitable hattam is inadequate
cxpevially when the setting dors net occuy zocn after the planting of the shells. One
aity of the prosent inve~tieation was to determinie whether the method of using wire
baes of shelis as culich 32 suituble m euch o bodv of water as Galveston Bay., A
complete accorut of experments with these bags on the Atlantic coast has recently
becr: puhlished by Galtsoff, Piviherch, and McMiltlin (1830). | |

As Las beent dezeribed, the sct abtained on shells in such bags in Galveston Bay
v.re hiehly sntisfactory, Tehle 3 <hows the munber of vpat per hae of chells abtained

L
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at different places and dnring different periods of time.  The honvicest cet was aohtainsd
at the Deer Tslands in August when the inside surfaces of the shells in cach bag (one-
half bushel) bore nearly 20,689 spat. ‘he outer surfaces of the shells probobly
vocoived as hicavy aset, so it may be said that the sei anotnied Lo 40,090 spat per hali-
hushel bag of shella In Fizurs 17 i3 a photograph of a clump of shells from one of
theze hags showing the groat ahundanece ¢f youag spat. |

In some cases the spat are teo abundant {or they wonld tend ta £row info coon
oy sieTs unless broboea apart while sl rels velv smadl,  If Ieft i tho water fonger
even more would set on the samie shells, resuliang o cons.derable crowding,  Shells
which are mercly spread on & reef as cullch can not re: dily be removed when the
propcr amount of set s obtuined, but the bags may be remeved when desired and
transferred to Leds in deeper water for growth where hittle or vo further set{ing occurs.
Al:n, afier the shells in bags have become stimy and bear no sef, the bags may casily
be taken up and left m tlie sunshine for a few days, and then put Leek 1nto the water
as clean culteh on which larve will set. In this masnor seed may be collented n
Jesired abundance for planting on private grounds or for developing new public
grmmds. ' | ’ |

TanLE 3.— Number of spatl on the inside surfaces of shelis planted in Galveston Bay, 1323

e - el o - A il o -
P gl il g e -
i o i — e i i - g, k- - e gl Swks -yt W A immm AT . T e - do . aa

o ' [T
| | | | 8pnt ner | L l Spat per
Data Date | Flacg | hsilf ate Dale | Place b alf
pisnted | removed husteicf | planted | romoved © busiud of
, shells . - . shiedls
- - i ! l , _
AMav A ... Wus 29._ ... Bavou, mainveef ... 975 ! June 2%.....{ July #0_.._..} Baron, middle ground .. 67
Apr. 1% ... P May 235 ... Hannaredd . onane 212 4 Do, .4 July 8, _ . Deer HIY IR 9 o
May 20-..-] Maov3l..... . Bayou, shiddle ground. - 1% | Julv Yoo ... Aug B_o..... CUazne Reel oLl 1. S0
Mav 28, . . dane 2.  Pavott, painreell ... 31 ! Anug. 3.. _“; Aug. 34 . Dgertdand............. . 15, 000
Ala)y :%l-.._”l....-.:ln. IR B 01.75 ¥ 11153+ S, a2l nu,m-i Aug. 2 o n e 19, GO0
June 2h_,...} July ﬁ.p_.-_-.,lﬁ-.w.du- ................. j 1,270 E Aug. 20, -] Aug. 27 Y3 ayou, Buaid 10t oo oo E )
| . , : s LA — .
1 8pat present, but_nol counted. -

This method may be employed as an economical means of developing oysier
eround in pleces not near the natural reefs. The removal of common coon oysters
from reefs es seed is also advizable but this method involves more labor in culling
and transportation than that above described. More recently the use of cen >nt-
conted egg-crate partitions (P’rytherch, 1930) has been found to be highly eflicient as
4 method of collecting sced oysters. This mechod might well be employed on the
Texas coast. Such modern methods of oyster culture if applied extensively in the,
const waters of Texas should increase the production of oysters tremendously.  The
sirvey by Galtsoff ¢ in 1925 showed that the coastal waters comprise large arcas
which appear to be suitable for oyster culture. | -

- SUMMARY

(1) 'The spawning season of oysters in Galveston Bay in 1929 was observed to
hegin at the end of Msrch. At the end of Aueust larve were still in the water and the
oysters still milky, indicating a spawning season of at least six nionths. | |

2) Spawning started when the average daily water temperature in Offatts Bayou
waa ahont 25° (. When 20° €. wes reached the oysters were just beginning to
develop mature eggs and sperms, pansitge thicim to appear miiky.

[y —_ oW R . ¢ ¢ .. mE L T L BT T ot E R L] e eI T—n L Ay - — ¢ Rk Ty - shh e PR - Gt o v - . B — S WSS S e e L ..

¢ Uopnbliched muouscrgt in the fles of tha Burcais of Fusheries,



82 : BULLETIN OF THE BUREAU OF FISHERIES

- (3) Thermograph records of watfer temperature in the bayou show that at the end
of February the winter teniperature was 14° to 15° C., while during the spring and
sumnier it rese o between 30° sad 33° C. o |

(4) Because of increascedriver discherge in gprine and carly summer the salinity of
the water in Galveston Bay remained low for a considerable time.  In early spring the
salitilv in the bavou wes 22 to 24 parts per thousand, while early in June it was down
to 7 parts per tiousand. At the sume time in West Bay it was ouly 4 parts per
thousand. In East Bay late in June it was below 2 parts per thousand. During July
and August the salinity rose to between 20 and 30 parts per thousand.

(5) The characteristic pH of the water In Galveston Bay was between 8 and
8.4, fluctunting hetween these levels. In August in the bayou 1t rose to 8.9.

(6) Setting wes irrezular and took place during shert, isolated periods. The
first spat were not obtained until & month and a half alter spawning sturted. '

(7) In Offatts Bayou twe chief setting periods occurred, one at the mildle of
May, and the cther beginning at the end of August. In eddition two very light sets
were obtained at one place in the bayou; at the end of May and at the beginning of
July, respectively. =~ o : |

(8) In West Bay at the Deer Islands two setting periods were observed; a short
one early in July, end & more prolonged one beginning at the first of August. At the
latter time setting was very heavy and up to 3,500 spat were obtained daily per.bag
of shells. | . | .

(9) On Hanna Reef, East Bay, a light set wagobtained at the becinning of Mey
and a fairly heavy one at the end of July and first part of August,

(10) The setting pericds appezar to have been correiated with periods of high
salinity, suggesting that in some manner fhe larve depend, either directly or secona-
grily, upon a salinity above about 20 parts per thousand, in order to develop to the .
setting stage. - e - |

(11) Most of the larva taken in the collections were in tho straicht-hinge stage,
with the exception of short periods, until August when many umbo larve were taken,
It is probable that setting was not more continuous because early in the scason few
reached the setting stage. - | e

(12) Of 252 adult oysters from diflerent reefs only 51 were males and 178 were
females. The remaining 23 specimens were erther too completely spawned out or
immaturo to permit ready deterniination of sex.. . __ .
| (13) Diatoms in the surfece plankton collections were most abundant in carly
spring and slowly decreased in numbers taken so that in July and August the water
was almost frec of them. It was observed that during perieds of low temperature
of the water more diatoms were tuken than during times of high temperature. This
was tho case for temperature changres occurring over & few days as well as over the
entire peried during which eollections were made. -

(14) Use of wire bags of sheils as culteh was tested In Galveston Bay waters
and found to be hiehly satisfaetory as @ means of collevting spaut for developing
oyster grounus. | | |
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